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The present study concentrates on squeezed unsteady magneto-hydrodynamic flow of
Jeffrey fluid confined between two infinite parallel plates. Description of heat transfer
process is disclosed through melting and thermal radiation effects. Features of viscous
dissipation are also incorporated. Characteristics of mass transport are explored
with chemical reaction. Modulated non-linear partial differential equations are reduced
by implementing appropriate transformations. Approximate convergent solutions are
calculated through analytical technique. Characteristics of velocity, concentration
and fluid temperature are illustrated graphically and also discussed comprehensively
physically. The skin friction co-efficient and Nusselt number are sketched and discussed
through graphs. It is noticed that horizontal velocity component and temperature of
Jeffrey liquid are dominant for greater melting parameter. Moreover, temperature field
decays for dominant thermal radiation parameter.

Keywords: jeffrey fluid, squeezing flow, melting heat transfer, viscous dissipation, thermal radiation,

chemical reaction

INTRODUCTION

Recently, scientists and researchers have shown intent to analyze the features of non-Newtonian
fluid flow imposed by squeezed surfaces, regarding their wide-spread build up and trade area in
many industrial and biological processes, such as in the polymer industry, compression, injection
shaping, liquid-metal lubrication, formation of paper sheets and thin fiber, molding of plastic sheets
and metal and squeezed film, through which power is transmitted. Many researchers discussed
the Jeffrey fluid model corresponding to various physical aspects. But this model is not studied
widely with the squeezing phenomenon. At beginning, Stefan [1] depicted work on squeezing flow.
Muhammad et al. [2] exposed squeezed nanomaterial flow with modified version of heat and mass
fluxes. Adesanya et al. 3] showed the radiative and chemically reactive flow of Powell-Eyring liquid
squeezed through infinite parallel walls. MHD-squeezed fluid flow confined between parallel two
plates under suction/injection has been constructed by Su and Yin [4]. Naduvinamani and Shankar
[5] disclosed the heat transport phenomenon due to radiative MHD-squeezed flow in a Casson
fluid. Ullah et al. [6] exhibited squeezed flows through porous medium under aspect of magnetic
field strength. Lahmar et al. [7] demonstrated the characteristics of the heat transport phenomenon
due to varying thermal conductivity on MHD-squeezed nanoparticle. Khan et al. [8] analyzed
entropy generation features in autocatalytic-squeezed flow through parallel sheets analytically.
Characteristics of heat transfer have increased noteworthy interest of recent explorers and
engineers because of various technical processes in the area of engineering, physiological and
industrial processes, including glass blowing and glass fiber productions, wire coating, paper
making, metal spinning, expulsion of plastic sheets by aerodynamic, drawing of plastic films and
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unceasing casting. However, little attention is paid to disclose the
features of heat transport through melting phenomenon. It has
widespread applications, such as the making of semiconductors,
melting permafrost and hardening of magma flow, heat
exchanger coils coated by freeze soil in grounded pump, sewage
treatment via freeze process, melting of soil, welding processes,
and casting of manufacturing processes. Behavior of double-
diftfusive convection in stagnant Maxwell liquid flow considering
melting phenomenon has been explored by Hayat et al. [9].
Krishnamurthy et al. [10] scrutinized the Williamson nanofluid
flow via porous structure. Behavior of Carreau liquid flow
caused by stretchable cylinder considering melting phenomenon
has been illustrated by Hashim et al. [11]. Soomro et al. [12]
explored the melting effects in radiative Sisko fluid flow past a
moving sheet. Mabood et al. [13] depicted the aspects of heat
transport through melting condition in radiative Sisko nanofluid
flowing over stretchable sheet with heat generation/absorption.
Javed et al. [14] reported the domination of heat transport
phenomenon via melting affects the MHD reactive liquid flow
through non-porous stretchable surfaces of varying thickness.
Hayat et al. [15] exhibited the features of melting flow
phenomenon in the squeezed third grade liquid flow past a
plate with modified heat flux phenomenon. Irreversibility and
melting heat transport properties in dissipative flow of liquid
passed through a stretched sheet has been exhibited by Hayat
et al. [16]. Properties of melting flow phenomenon in hydro-
magnetic nanomaterial flow are depicted by Dinh et al. [17].
Their investigations motivated a few other researchers to work
on heat transport in different conditions [18, 19].

A literature survey indicates that researchers have disclosed
the properties of squeezed Newtonian and non-Newtonian fluid
flow with different boundary conditions of heat transfer widely.
But such analysis of squeezing flow with melting heat transport
has not explored as of yet. So, the main strategic concern is to fill
this void. Thus, the present attempt is concerned to demonstrate
the melting mechanism in squeezed Jeffrey fluid flow through
two parallel plates. Behavior of heat with mass transport is
modeled and exposed considering thermal radiation, viscous
dissipation and chemical reaction. The transformed coupled
non-linear differential system is evaluated via a homotopy
technique [20-24]. Graphical studied is evaluated for the features
of velocity, liquid temperature and fluid concentration via
emerging parameters. Moreover, the layout of the current
paper is as follows. Mathematical formulation describes the
mathematical modeling of governing equations related to
the work under consideration. Homotopy analysis solutions
illustrates the solution method utilized for the flow analysis. The
acquired results are discussed and analyzed in Analysis. Closing
remarks is related to key points of present paper.

MATHEMATICAL FORMULATION

Consider unsteady, incompressible squeezed Jeftrey fluid flow
between horizontal two plates. The bottom plate is located at y =
0 while top sheet is placed at y = h (t) = \/v(1 — yt)/a, which

approaches stretchable bottom plate with squeeze velocity. Fluid

is assumed to be electrically conducting so that fluid is influenced
by applied magnetic field along vertical direction. The induced
magnetic and electric fields are neglected, considering the
small Reynolds number (magnetic). Heat transport phenomenon
is characterized by a modern and advanced condition at
boundary (i.e., melting heat transport). Viscous dissipation and
thermal radiation are assumed to elaborate the heat transfer
phenomenon. Features of mass transfer are explored via first
order chemical reaction. We consider Cartesian co-ordinates
(x,y) and physical situation to be exposed in Figure 1. The flow
problem under the basic conservative laws takes the form:
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Here, velocity components are u and v along x and y
direction, respectively. p represents pressure, j represents
absolute viscosity, y is the dimensional positive constant, By
represents magnetic field, T denotes the fluid temperature, p
represents the fluid density, o; denotes electric conductivity,
C denotes fluid concentration, k, is the co-efficient of thermal
conductivity, specific heat is ¢, k; is absorption coefficient, o*
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FIGURE 1 | Physical situation of the problem.

By u
y= 0 & < - S S > X
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u=U,, T=Tm C=Cn Iky| = pla+ ¢s(Tm — To) v (x,0)
0

y=

denotes the Stefan-Boltzmann constant, D is the diffusion co-
efficient, v is the kinematics viscosity, K (£) = Ko/1 — yt is time-
dependent reaction rate with reaction rate Ky, A; is relaxation
time and A, is ratio among relaxation and retardation time.

The boundary conditions are as follow

ax
u:Uwzl_yt, :Tm; C:Cm, at yZO,
dh y v
u:O’V:‘Vh:—:—f e——— T:Th,
dt 2V a(l—yt)
C=Ch aty=h(t),
aT
ky— = p[A+c (Tm — To)]v(x,0). (6)
ay y=0

Transformations are taken as follows

_y [T B ,
av
VZ—,/l_ytf(n),
T—T, C—Cn
0 = ﬁ, ¢(77)=Chj- (7)

Pressure term is eliminated from equations (2) and (3), governing
equations in view of equation (7) take the forms:

14 @ (57 -ff =2 ()
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The subjected boundary conditions are

S

fQ = ;
0(0) =0 6(1)=1 $(0)=0, ¢(1)=1,

. fO=1,f1)=0, M6 (0)+Prf(0) =0,
(11)

where squeezing parameter is S;, Deborah number is 8, magnetic

parameter is Ha, Prandtl number is Pr, Schmidt number is Sc,

thermal radiation parameter is N,, Eckert number is Ec, the

chemical reaction parameter is o and the melting parameter is M.
These dimensionless quantities are given by

S - 14 5= ar, 2 0133 B 160*7‘30
q - bl - _ - > r — b
a 1—yt pa 3kik
c
Pr = ﬂ, Sc = K,
k> D
a’x? K,
Ec = 5 , = —,
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Viscous dissipation effect vanishes when Ec = 0. Further, o > 0
gives destructive and o < 0 gives generative chemical reactions.
When 8 = 0, A1 = 0, Jeffrey fluid converts to viscous fluid.
Moreover, the plates illustrate inward movement for S; > 0, and
for S; < 0, away movement is observed.

Defining skin friction co-efficient, heat and mass transfer rate
as follows

* 3 P
—xhe (1+552) (8)]
o = 1 (TX}’)|y:h(t)) _ Mo 1+ Tk day y:h(t)’
pU2 ky (T — Tin)
-0 (%)
7 ) |y
Sh = =M, (13)

D(Cp = Cw)

In view of dimensionless forms, one may write.

-7'1"))) =0, © R} Cf = (f” (1) + 2 B5,f" (1)) :
S 14 A1 2
¢ —Sc <5qn¢ —fo ) — Scop = 0. (10) (RO)"ZINu = —(1+N) 8 (1), (Re)"2Sh=—¢ (1).(14)
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HOMOTOPY ANALYSIS SOLUTIONS

The homotopic procedure was initially purposed by Liao [20],
which has been employed to construct the solutions of coupled
non-linear problem. For this method, initial guesses (fo,o,jo)
and concerned linear operators Ls, Ly, Lo for constitutive
equations are defined in the form:

1
fo(n) = — (—2M + 2Pry + 6Mp*

2Pr
— 4P + 3Pqun2 — 4Mn® +2Prp® — 2Pqun3) , (15)
Bo () = n, o () =n, (16)

”

Ly =f", Loy=0", Ly=9¢, (17)

with

Ls (C1+ Can+ Csn* + Can’) =0, Lo (Cs + Cen) =0,
£¢ (C7 + Cgn) = 0. (18)

whereC;i(i=1,2, ...... 8) are arbitrary constants.

Convergence of Problem

Clearly, convergent homotopic solutions incorporate the
auxiliary non-zero parameters fir, fig and fiy. Said parameters
significantly provide way to regulate the convergence. In order to
prefer the reasonable estimation of /i, fig and /iy, the h-curves are
exhibited in Figure 2. It is pointed out that sufficient ranges for
these parameters, namely fig, hg and fig, are —1.7 < hiy < —0.1
and —1.7 < fig <0.0and — 1.8 < fiy < —0.L.

ANALYSIS

The main attraction here is to discuss the stimulus of
emerging parameters in flow fields (i.e., velocity, temperature,
concentration) under consideration. Figure3 represents the
impact of squeeze parameter (S;) on the vertical and horizontal
velocity fields. It is seen that increase in S; guarantees an
increase in both velocity distributions, respectively. Physically,
it is justified that higher squeezing parameter corresponded
to larger deformation in fluid particles. Hence, the growing
behavior of velocity is noted. Figure 4 elucidates the impacts
of the ratio between relaxation and retardation time parameter

£'0),0'©0).¢' 0

4 | /
A1=0.1,Sq=0.2,8=0.2,Ha=0.1 | /
Nr=0.1,M=0.4,Pr=1.2,86=0.1 /
Sc=1.2,Ec=0.1,0=0.1 2|

£(0)
6'(0) |
S o 1(0) —4:

-2.5 -2.0 =1.5 -1.0 —-0.5 0.0 0.5 1.0

FIGURE 2 | Regions of convergence for f (n), 6 (), and ¢(n).

A1 on the horizontal component of velocity. It is delineated
that horizontal velocity component decays for growing A;.
Physically, greater values of A; correspond to higher relaxation
time. So, perturbed fluids require more time to take their
original shape. Therefore, the velocity profile decreased. The

')

sq=0.1,0.3,0.5,0.7

0.6

0.4

A1=02,8=0.1, Ha=0.2,Nr=0.1, R
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5 .
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FIGURE 3 | Behavior of Sg on ().
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0.8
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0.2 0.4 0.6 0.8 1.0

FIGURE 4 | Behavior of 11 on f'(n).
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FIGURE 5 | Behavior of Ha on f (n).

Frontiers in Physics | www.frontiersin.org

May 2020 | Volume 8 | Article 108


https://www.frontiersin.org/journals/physics
https://www.frontiersin.org
https://www.frontiersin.org/journals/physics#articles

Ahmad et al.

Melting Phenomenon in Squeezed Fluid

variation in velocity distribution for diverse values of the
Hartman number is exhibited in Figure 5. The velocity of the
consider liquid exhibits decreasing trend in a region 0 <
n < 0.5, whereas it shows opposite behavior in the region
0.5 < n < 1. Further, no variation is noticed in the fluid

0.8

0.6

0.4
$q=0.2,=0.1,A1 =02, Nr=0.1,

Ha=02,Pr=12,6=01,5c=12,
0a Ec=0010=01

FIGURE 6 | Behavior of M on f'(n).

0.8

0.6 -

04
Al1=1.2,8=0.1,Ha=0.2,Nr=0.1,
M=06,Pr=15,6=0.1,Sc=12,
Ec=0.01,0=0.1

02 04 0.6 038 1.0
FIGURE 7 | Behavior of Sg on 6(n).
6(n)

10 Ec=05,1,15,2 —

058

06
Al=12,6=0.1, Ha=02,Nr=0.1,

04 M=04,8q=10,6=01,5c=12,
Pr=15,0=0.

02

n

FIGURE 8 | Behavior of Ec on 6(n).

velocity at n = 0.5. Larger Hartman number values correspond
to more intensity of the Lorentz force, resulting resistance in
fluid’s motion. Hence, velocity distribution decays. Figure 6
represents the behavior of horizontal velocity for varying melting
parameter. It is evident that horizontal velocity enhances in

6(n)
10| Al=0.1,=0.1, Ha=02, Ec =001,
| M=0.6,Sq=02,6=0.1,Sc=12,
[ Pr=1.5,0=0.1
0.8
0.6/

Nr=0.1,12,1.7,2

04}

0.2 04 0.6 08 1.0
FIGURE 9 | Behavior of N, on 6(»).
()
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06|
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FIGURE 10 | Behavior of M on 6 ().

()
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FIGURE 11 | Behavior of Sc on ¢(n).
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&(n)
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-20
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FIGURE 13 | Behavior of S; & B on Cf.
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FIGURE 14 | Behavior of N, & Pr on Nu.

increments in the melting parameter. A physically enlarged
melting parameter is responsible for a more convective flow in
the transaction of fluid, which is heated toward the cold plate
surface, and as a consequence, horizontal velocity component
increases. Analysis of the temperature field against the squeezing
parameter is depicted in Figure 7. Here, the temperature field
becomes dominant for greater values of the squeezing parameter.

TABLE 1 | Comparison of skin friction co-efficient (Cf) for different values of
Sq, Ha, B,and As.

Muhammad et al. [22] Present

Sq Ha B A (Re)'/2CF (Re)'/2CF
0.0 1.0 0.1 0.5 4.646286 4.646286
0.5 3.513473 3.513473
0.1 2.059355 2.059355
1.0 0.0 0.1 0.5 2.079543 2.079543
0.5 2.074376 2.074376

1.0 2.059355 2.059355

1.0 1.0 0.0 0.5 1.697800 1.697800
0.5 2.059355 2.059355

0.2 2.393890 2.393890

1.0 1.0 0.1 0.0 2.133399 2.133399
0.5 2.059355 2.059355

1.0 1.990723 1.990723

Further, higher temperature exists near the upper wall. In
fact, the higher squeezing parameter corresponds to a greater
squeeze force on the fluid, which leads to an increase in
temperature profile. To capture the effects of the Eckert number
on temperature distribution, Figure 8 is portrayed. With an
increase in Eckert number, temperature field grows. Higher
Eckert number is corresponding to higher friction force between
the fluid particles which give rise to more heat generation. Hence
liquid temperature amplifies. Description of thermal radiative
parameter on liquid temperature is analyzed through Figure 9.
Temperature field grows up for smaller thermal radiation
parameter. Moreover, it is revealed that intensifies temperature
occurs about upper plate surface. Physically, higher radiation
parameter corresponds to lower absorption coefficient of the
material. Thus, cold surface enhances more heat from heated
fluid. Hence temperature field declines. Figure 10 addresses
the variations of melting parameter in temperature field. It
is reflected that temperature field goes up for higher melting
parameter. Figure 11 exhibits the physical features of Schmidt
number (Sc) on concentration curve. Decline is seen in
concentration field with an increasing Schmidt number, which
relates to momentum diffusivity and mass diffusivity. Thus,
mass diffusivity diminishes for higher Schmidt number. Hence,
liquid concentration weakens. Figure 12 exhibits the features
of chemical reaction (destructive) parameter in concentration
field. It demonstrates that higher chemical reaction parameter
decays the concentration field. Figure 13 discloses the properties
of squeezing parameter and the Deborah number on the skin
friction. Skin friction intensifies for growing S; and . Influences
of Pr and N, on the Nussetl number are illustrated in Figure 14.
It is seen that the Nussetl number weakens for greater Prandtl
number and the thermal radiation parameter. To validate the
current results, Table 1 displays a comparison of different values
of skin friction with previously published work of Muhammad
[22] for diverse values of S;, Ha, B and A;. It is revealed that the
outcome gives favorable agreement.
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CLOSING REMARKS

Here, we have investigated heat and mass transport phenomenon
effects on squeezed Jeffrey liquid flow between two parallel walls.
Heat and mass transport are featured with melting heat transport
and first order chemical reaction, respectively. The conclusions
are as follows:

Diverse values of relaxation to retardation parameter A, decay
the horizontal velocity profile.

Higher values of melting parameter M enhance
the horizontal velocity but vertical velocity shows
decreasing behavior.

Enhancing values of Eckert number Ec and melting
parameter M lead to in the enhancement in
temperature field.

Concentration distribution shows decreasing behavior with
increment in chemical reaction parameter o.
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